ABSTRACT Background
To date, only a single controlled trial provided evidence that non-steroidal anti-inflammatory drugs (NSAIDs) given continuously reduce radiographic progression compared with an on-demand therapy over 2 years in patients with ankylosing spondylitis (AS). In the current study, we tested whether such an effect of NSAIDs could be confirmed in another randomised trial. Methods Patients with AS were randomised for treatment with either continuous (150 mg/day) or ondemand diclofenac for 2 years. Tumour necrosis factorblocker treatment was not allowed during the entire study period. The primary outcome was the difference in radiographic progression in the spine as measured by the modified Stoke Ankylosing Spondylitis Spine Score (mSASSS) scored by two readers blinded to treatment arm and time point. Results 62 of 85 patients enrolled in the continuous arm and 60 of 82 enrolled in the on-demand arm completed the study. The mSASSS progression was numerically higher in the continuous group (1.28 (0.7 to 1.9) vs 0.79 (0.2 to 1.4)) ( p=0.39). If only patients were analysed who were either C reactive protein positive or had syndesmophytes at baseline, there was again a higher radiographic progression in the continuous versus the on-demand group: 1.68 (0.7 to 2.6) vs 0.96 (0.0 to 1.9) and 2.11 (1.1 to 3.1) vs 0.95 (0.0 to 1.9), respectively. There was no difference between the two treatment groups regarding adverse events. Conclusions In our study, continuous treatment with diclofenac over 2 years did not reduce radiographic progression compared with on-demand treatment in AS. Trial registration numbers EudraCt-no 2007-007637-39; ClinicalTrials.gov NCT00715091.
INTRODUCTION
Ankylosing spondylitis (AS) is part of axial spondyloarthritis 1 and defined by the presence of structural bone damage visible on X-rays in the sacroiliac joints and/or in the spine. 2 The development of syndesmophytes in the spine contributes considerably to the restriction of spinal mobility 3 and function, 4 especially later in the course of the disease. Thus, next to an effective suppression of inflammation the prevention of structural damage, especially osteoproliferative changes in the spine, is an important treatment target.
While tumour necrosis factor (TNF)-blockers are highly effective for the treatment of signs and symptoms, there is no short-term effect over 2-4 years of anti-TNF treatment on new bone formation in the spine of patients with established AS. 5 Whether new bone formation can be prevented in case of earlier 6 or longer 7 treatment with TNF-blockers has still to be proven. Non-steroidal anti-inflammatory drug (NSAID) treatment is the first-line pharmaceutical therapy in patients with axSpA, based on their good efficacy for signs and symptoms. 8 Moreover, limited data suggest that NSAIDs may also exhibit a disease-modifying effect in AS. It was already in 1976 that one study reported an inhibitory effect of phenylbutazone on the progression of ossification in a retrospective analysis, 9 which was confirmed later by a prospective and randomised NSAID trial over 2 years in patients with AS starting with celecoxcib. 10 In addition, a protective effect of a higher NSAID intake 11 over time was shown in patients from a prospective spondyloarthritis inception cohort in Germany. 12 In the trial reported here, we aimed to confirm the inhibitory effect of NSAIDs on osteoproliferation in AS. Since we assumed that such an effect, if true, would represent a class effect rather than an effect of a particular type of NSAID, we used a different but commonly used NSAID, diclofenac, as a starting NSAID.
METHODS

Patients and study design
The Effects of NSAIDs on RAdiographic Damage in Ankylosing Spondylitis (ENRADAS) study was a prospective randomised controlled trial conducted in 19 centres in Germany between May 2008 and December 2013 (EudraCT 2007-007637-39). Patients aged 18-65 years fulfilling the 1984 modified New York criteria were eligible if they had active disease (back pain on a 0-10 numerical rating scale ≥4) that justified the start or continuation of an NSAID and had no contraindications for an NSAID therapy. TNF-blocker treatment was not allowed before and during the whole study. Proton pump inhibitor (PPI) could be added to the treatment. Plain radiographs of the cervical and lumbar spine had to be available to allow for randomisation. In order to reduce radiation exposure, existing radiographs of the spine were taken as baseline radiographs if not older than 24 months. Initially, we aimed to restrict the inclusion to patients with AS with at least one syndesmophyte at baseline in order to select for patients with a higher risk for radiographic progression. For feasibility reasons, however, this inclusion criterion was later omitted. The history or presence of gastroduodenal ulcers, chronic inflammatory bowel disease, cardiovascular disease (coronary heart disease, heart failure, stroke or transient ischaemic attack), renal insufficiency and known severe hypersensitivity reactions to NSAIDs were exclusion criteria.
Patients were stratified according to the time period between radiographic examination and inclusion into the trial, resulting in the following groups: ≤3 months n=115, 4-6 months n=25, 7-9 months n=20, 10-12 months n=5 and 13-15 months n=2.
Using a block randomisation method, patients were randomised within these strata in a 1:1 ratio to treatment with diclofenac either continuously (at least 50% per day of the maximally recommended daily dose of 150 mg diclofenac) or on demand for a total period of 2 years, without a washout period for previous NSAID treatment. Each pill contained 75 mg of diclofenac. Switching to another NSAID was allowed in case of intolerance or inefficacy. In switchers, equivalent dosages of NSAIDs were used.
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Outcome measures
Primary outcome was spinal radiographic progression assessed by the change in the modified Stoke Ankylosing Spondylitis Spine Score (mSASSS), 13 which is largely but not exclusively driven by new bone formation. X-rays of the spine (cervical and lumbar spine at baseline and after 2 years of follow-up) were performed locally. The images were centrally collected, digitised, anonymised and subsequently scored independently by two trained readers (DP and K-GH). The readers scored radiographs in a concealed and randomly selected order and were blinded to treatment assignment and all clinical data. The treating physicians were not blinded for treatment arms. The mean of the mSASSS scores of both readers was used in the statistical analysis. Up to eight missing values for vertebral edges at baseline were substituted with the value of this edge at year 2 and vice versa.
Calculation of the NSAID intake
Data on NSAID intake (dose and frequency) were collected at baseline and every 12 weeks thereafter during 2 years of follow-up. The NSAID intake index 11 is recommended by the Assessment of SpondyloArthritis international Society (ASAS) and accounts for both dose and duration of drug intake over the whole period of interest (0: no NSAIDs intake at all; 100: daily NSAIDs intake in a dose equivalent to diclofenac 150 mg). At each study visit, a pill count was performed by the study nurse and checked against patients documented NSAID use in a patient diary.
Statistical analysis
Based on an mSASSS progression of 1.5±2.5 points in the on-demand group and of 0.4±1.7 in the continuous treatment group in the Wanders et al 10 study and assuming a dropout rate of 30%, a sample size of n=87 patients per group was calculated. This sample size ensured an 80% power to detect a similar difference in progression with a two-sided α level of 5% by means of the Mann-Whitney test or the Welch Satterthwaite t test. The Mann-Whitney test was applied to compare the primary outcome (radiographic progression) in patients with complete sets of radiographs at baseline and at 2 years. To account for differences in the mSASSS baseline status and the dependency of radiographic progression on the status at baseline, a non-parametric analysis of variance test for longitudinal data as proposed by Brunner et al 14 was applied in addition. Furthermore, a generalised linear mixed model (GLM) approach was applied to take a possible bias caused by dropouts into account and to compare radiographic progression between the intention-to-treat (ITT) groups. GLMs were also applied to estimate baseline-adjusted mean changes and their 95% CIs. Although we expected continuous treatment to have greater effects than on-demand treated, we could not be certain. Therefore, all tests applied were two-sided tests. p Values<0.05 were considered to be statistically significant. 
RESULTS
Nineteen German centres participated and enrolled at least one patient. In total, 167 of 180 randomised patients were enrolled, 85 patients in the continuous and 82 patients in the on-demand group. Also, 62 of the continuous and 60 patients of the on-demand group completed the 2-year treatment period and had X-rays before and at the end of the period available for analysis (figure 1). Among the 45 patients who did not complete the study, only 2 patients were switched to TNF inhibitors.
There were no clear differences in most of the baseline characteristics between the patients enrolled and the patients with complete sets of radiographs (table 1) .
The mean ASAS NSAID index (on a scale between 0 and 100), reflecting NSAID consumption over 2 years, was 76 for the continuous and 44 for the on-demand group. The distribution for the NSAID index is shown for both groups in figure 2. At the end of year 2, 77% of the completers were still on diclofenac and had not switched to another NSAID.
Corrected for baseline, the mean Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) values decreased within the completer population during 2 years of treatment to 2.7 in the continuous group and to 3.2 in the on-demand group, confirming indirectly that indeed patients in the continuous group were treated with a higher NSAID dosage.
There was a significant mSASSS progression within both treatment groups (Brunner test p=0.00011). The mSASSS progression was numerically higher in the continuous group compared with the on-demand group (1.3; 95% CI 0.7 to 1.9 vs 0.8; 95% CI 0.2 to 1.4), although this difference was not statistically significant (figure 3 and table 2) (Mann-Whitney test p=0.86, Brunner test (taking baseline differences into account) p=0.39). This finding, based on patients with complete sets of radiographs, was confirmed by a GLM approach, which included the whole ITT population. Since the mean radiographic progression adjusted for baseline was very similar in the ITT population compared with the completer population, a selection bias caused by dropouts can be ruled out. When only patients were analysed who were C reactive protein (CRP) positive at baseline (54% continuous, 58% on demand) or had syndesmophytes at baseline (55% continuous, 57% on demand), both known risk factors for radiographic progression, again there was numerically even a higher radiographic progression in the continuous versus the on-demand group: 1.7 vs 0.8 and 2.1 vs 0.9, respectively (table 2) . The results were also similar when we adjusted for smoking status (data not shown).
We also analysed the mSASSS progression rate according to the NSAID intake using the ASAS NSAID index, independently of the treatment group to which patients were allocated. The mSASSS increase was 0.7 in patients with an NSAID index <50 (n=65) and 1.2 in patients with an index ≥50 (n=94) (difference not significant), also confirming that in this study NSAID treatment did not prevent osteoproliferation. A similar result was seen when the patients were split into those with an NSAID index <25 (n=23) and those with ≥75 (n=53): increase of mSASSS from 12.1 to 12.6 (difference of 0.5) versus an increase from 12.0 to 13.1 (difference 1.1), respectively. When only considering the formation of new or fused syndesmophytes (ie, mSASSS increase at the single vertebral edges from 0 or 1 to 2 or 3, or from 2 to 3), there was a total increase of 34 vertebral edges with such changes in the continuous group and an increase of 17 vertebral edges in the on-demand group, again rather less progression in the on-demand than in the continuous group. The maximum mSASSS at baseline was 58 (out of 72 possible scoring points), excluding a potential ceiling effect in our study population. There was also no change in the results when we excluded 10% of the patients with the highest baseline mSASSS (data not shown).
The intraclass correlation coefficient (ICC) for the reading between the two readers was good: 0.96 for baseline X-rays and 0.95 at year 2, the ICC for the change in mSASSS was 0.50. The results of radiographic progression were similar when the two X-ray readers were analysed separately. Changes in mSASSS scores in the continuous versus the on-demand group were 1.2 vs 0.9 and 1.3 vs 0.6 for reader 1 and reader 2, respectively.
Given that baseline syndesmophytes, 15 elevated baseline CRP 16 and smoking 16 are predictors of radiographic progression, we also analysed the progression rate in these subgroups independently of the NSAID intake to exclude a systematic error, either in our analyses or the database. The mSASSS increase was indeed dependent on the number of syndesmophytes and on elevated CRP at baseline and numerically also on the smoker status (see online supplementary table S1).
Adverse events
There were no differences between the two treatment groups regarding adverse effects (AEs): there was a similar number of AEs in both groups (data not shown) and a similar number of serious adverse events (SAEs) (table 3). Two myocardial infarctions occurred in the continuous group (male, 51 years, event 1 month after end of study, relationship regarded as unlikely; male, 44 years, event 3 months after end of study, regarded as not related) and one in the on-demand group (male, 53 years, event occurred during the study period but no NSAID intake in the 5 months before the event, regarded as not related). Bold typeface indicates no significance for the differences between the two groups for any of the side effects. 
DISCUSSION
In this randomised trial, we investigated whether continuous versus on-demand treatment with NSAIDs over 2 years has an inhibitory effect on new bone formation in the spine of patients with AS, as reported before. 9 10 12 However, no such effect could be detected. In fact, we even found a numerically greater reduction of new bone formation in the on-demand group, even though this group was slightly enriched for parameters predictive of new bone formation such as syndesmophytes 15 and elevated CRP 16 at baseline. Only current smoking, also a predictor of radiographic progression, 16 was found more frequently in the continuous group. When we stratified for patients with syndesmophytes at baseline or elevated CRP only or smoking status only, again on-demand NSAID treatment was associated with numerically less progression than continuous NSAID treatment. Thus, not even in the subgroup of patients with an elevated CRP an effect of continuous NSAID treatment became evident, which is in contrast to the previous celecoxib study by Wanders et al, where a preventive effect of continuous treatment was found only in patients with elevated time-averaged CRP but not in CRP-negative patients. 17 Since not even a trend for less radiographic progression was seen for the continuous group in our study, it is rather unlikely that inclusion of more patients would have changed the result. MRI of the spine was not performed; therefore, we cannot correlate active inflammation seen on MRI, which has also been discussed as a risk factor, 18 with radiographic progression.
The lack of efficacy could not be attributed to NSAID dosage as patients in the continuous group were indeed treated with a higher NSAID dose as shown by an ASAS NSAID index of 75 (equivalent of 112.5 mg diclofenac daily over 2 years) compared with an ASAS NSAID index of 44 (equivalent of 66 mg diclofenac daily over 2 years). Furthermore, the lower BASDAI in the continuous group after 2 years of treatment provides indirect evidence that the NSAID intake in the continuous group was indeed greater.
The result of our study is in contrast to three other published reports on the effects of NSAIDs on radiographic progression in AS, two of which are observational studies only. 9 10 12 The phenylbutazone study 9 was a retrospective analysis only with a rather small number of patients, and the results from the German inception cohort were also based on a rather small number of patients and did not have a control group. 12 Thus, the main trial to compare our study with is the prospective randomised trial by Wanders et al. 10 While in our study all patients started on diclofenac, in the study by Wanders et al all patients started on celecoxib. Different dosages in our study and the Wanders study cannot explain the divergent results: the mean daily dose of celecoxib was 243 mg in the continuous-treatment group and 201 mg in the on-demand group in the Wanders study, an even smaller dosage difference between the two groups than in our study (diclofenac 112 mg vs 66 mg).
A major difference between the two studies is the type of NSAID used for treatment throughout the 2-year period. While both studies allowed patients to switch NSAIDs, 77% of our patients completed the trial on diclofenac and 65% of patients completed on celecoxib in the Wanders study. When we designed our trial, we assumed a class effect of NSAIDs on bone formation in AS. Thus, retardation of the new bone formation had been related to COX-2 inhibition, and since in therapeutic concentrations all NSAIDs inhibit COX-2 to nearly the same extent, independently of their COX-selectivity, no substantial difference was expected between different NSAIDs. 19 Moreover, retardation of bone fracture healing has also been described for diclofenac in a rat model. 20 The inhibitory effect of NSAIDs on bone formation has been linked to their capabilities to impair the production of prostaglandin E2 (PGE2), which, apart from its proinflammatory activity, enhances bone resorption by promoting osteoclast activity but which can also promote bone formation by stimulating proliferation and activity of osteoblasts. However, differences of COX-2 selective and non-selective COX inhibitors on reparative bone formation, for instance in fracture healing, have been described. In several models of fracture healing, celecoxib and rofecoxib showed stronger impairment of fracture healing than indomethacin. 21 However, there was no clear difference between celecoxib and indomethacin in the prevention of heterotopic ossification after total hip replacement in one investigation 22 while in another study celecoxib was superior to ibuprofen for the same indication. 23 Most interestingly, selective effects of celecoxib are also suspected for osteoarthritis (OA). 24 In OA, celecoxib but not nonselective COX inhibitors such as diclofenac and naproxen increased the proteoglycan synthesis of OA cartilage. 25 Additionally, celecoxib but not non-selective COX inhibitors were found to induce apoptosis in osteoblasts 26 -an activity that could be relevant in bone formation in AS. But there is also accumulating evidence that celecoxib also affects signalling pathways independent of COX-2 and PGE2 inhibition. 27 Coxibs are structurally different from non-selective COX inhibitors, and in particular, their anticancerogenic activity has been attributed to COX-2 independent activity. 28 Such COX-2 independent activities that primarily affect cell proliferation and survival might result in different effects on joint remodelling including new bone formation. Currently, very limited data are available on this. Our data should stimulate future research addressing the question whether NSAIDs and Coxibs differ in their effect on new bone formation. Alternatively, if these drugs do not clearly differ, the contrasting results from the two clinical trials might indicate that the effect of NSAIDs/coxibs on new bone formation in AS is not as clear as has been postulated.
There were no differences in AEs between the two treatment groups. There was no SAE affecting the upper gastrointestinal tract and no case of acute liver or kidney toxicity (table 3) . Three myocardial infarctions occurred in patients who were not on drug in the on-demand group or after the end of the study and were regarded as not to be related to treatment by the local investigators. We have argued before in favour of a positive benefit/risk ratio for the treatment of AS with NSAIDs, mostly based on the good efficacy on signs and symptoms. 29 However, the number of patients treated in the current study and the lack of a control group without NSAID treatment does not allow firm conclusions about potential side effects.
